The hot-electron two-dimensional HEMT with recessed gate is modelled by solving the Poisson, current continuity and energy transport equations consistently with the Schr6dinger equation using a finite difference scheme. New expressions are used for the energy densities inside and outside the quantum wells. A method is described for pinning the conduction band at the contact edge to produce an extremely stable numerical solution. Results are presented for an eight layer GaAs-A1GaAs-InGaAs device.
INTRODUCTION
Considerable problems are encountered in the mathematical and numerical modelling of recessed gate High Electron Mobility Transistors (HEMTs) in which hot electrons are considered. Even when the most exacting initial conditions are used, it is often difficult to get the quantum well structure established at the outset for the simulation to continue in a robust fashion. Even without a recess, there is difficulty in pinning the conduction band high enough on the free surfaces of the edge containing the contacts. The problem is made even more difficult with the recess in place because the well structure is compressed into the device. Many attempts have been made to obtain rapid and accurate solutions for these and similar devices [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . A multigrid method has been developed for the solution of the coupled one-dimensional Poisson-Schr6dinger equations [1] , and applied to the isothermal HEMT model [2] . The current continuity and energy transport equations have been discretised in a consistent manner using the C-function method [3] , and it has been shown that the interpolation of the electron temperature between grid points must be done using a new logarithmic mean rather than the arithmetic mean [4] .
In this paper we give details of a simulation involving the solution of the coupled Poisson, Schr6dinger, current continuity and energy transport equations for hot electrons and show how the steady state system may be solved numerically in a robust fashion using a modified Newton iteration Figure 1 . The band offset structure illustrated in Figure 2 will depend on the proportion u of A1 
for the solution of the electrostatic potential .H ere, n is the total electron density and e0 is the permittivity of free space. The conduction band edge is then Ec Eh-q.
(ii) The current continuity equation
On -V. J, J -q#nV + #knVT (1.2)
Ot q for the current density J, where k is Boltzmann's constant. Generally, the mobility # will depend on the electric field r,= -v.
(iii) The energy transport equation We therefore solve the one dimensional 
.). conditions
The electron density n inside the quantum wells will be given in terms of the eigensolutions of this equation. The total electron density is given by n--n2+n3 where n2 is the contribution from the sub-bands given by the solution of the Schr6dinger equation and n3 is the bulk electron density. We first choose a maximum number L of eigensolu- 
where We2-(47rmk2T2/h:) and Wc3-3(27rmkT/ h2)l.SkT.
SOLUTION OF THE EQUATIONS
The integrals in Eqs. (1.7) and (1.9) are not straightforward Fermi integrals since they have non-zero lower limits, and it is necessary to obtain fast and accurate methods of evaluating these integrals. They may be written in terms of the general integral for some values Pr, or and/3 which are found by a least mean square search over some suitably defined physical ranges of a and b. In the isothermal case previously considered [2] . and then performing extra iterations using ten eigensolutions (L 9).
